The progress that has been made in patient selection, minimally invasive surgery, anesthesia (both in surgery and in the control of postoperative pain), and antibiotic treatments have substantially improved the morbility and mortality associated with the surgical treatment of bronchogenic carcinoma in recent years. Nevertheless, the rate of major complications after lung cancer resection is 2% to 22%, and the mortality rate is 2% to 7%. The most frequent complications after lung cancer resection are of respiratory origin. The most serious ones are pneumonia and acute respiratory distress syndrome, and they are also the main causes of death in this period. They also share similar clinical and evolutionary features that can make it difficult to distinguish between them. The incidence of pneumonia after a lung cancer resection is 2% to 20%, and the mortality in patients that develop pneumonia is significantly higher than in other patients. It is also the cause of death in 22% to 67% of cases after lung resection. Therefore, patients with lung cancer treated with lung resection comprise a population with a high risk of experiencing pneumonia with a serious prognosis. Apart from being one of the main factors that determine short-term survival, postoperative pneumonia prolongs the hospital stay and involves a significant consumption of resources (antibiotics, stay in intensive care unit). For all these reasons, there is growing interest in identifying the factors associated with the risk, prevention, diagnosis, and treatment of respiratory infections after lung cancer resection.
B
ronchogenic carcinoma is the most frequent neoplasia (900,000 new cases in men and 330,000 in women per year) and the first cause of death from cancer in the world in both men and women. 1 The overall probability of being alive 5 years after the diagnosis is 15%, a percentage that has barely changed in the last 35 years. 2 This is the result of, among other reasons, diagnosis in the advanced stages of the disease (less than 30% of cases are diagnosed in stages I and II, when the disease is limited and surgical resection offers a probability of survival at 5 years of 70% and 40%, respectively). Early diagnosis is therefore decisive to take advantage of surgical treatment, which is the option that currently offers the greatest probability of a cure to the greatest number of patients ( Table 1) .
The advances made in anesthesia and minimally invasive surgery have allowed surgical indications to be extended to those patients who are at greater risk of experiencing complications or dying after a lung resection. Moreover, multidisciplinary treatments of bronchogenic carcinoma have led to more pneumonectomies, with a subsequent increase in the morbidity and mortality associated with resection. Reducing the complications and mortality associated with the surgical treatment of bronchogenic carcinoma is another important aspect if the potential benefits to a greater number of patients treated with a lung resection are not significantly outweighed by an increase in postoperative morbidity and mortality.
Respiratory complications currently constitute most frequent and serious group of complications, as well as being the primary cause of death after a lung resection as a result of a bronchogenic carcinoma. [3] [4] [5] [6] [7] These are an ill-defined, heterogeneous group of diseases that are very interrelated and accompanied by a greater or lesser degree of respiratory insufficiency, with various causes and pathogenic mechanisms. Some of these complications are related to surgery (bronchopleural fistula, postoperative hemorrhage, lobar torsion) or the result of hemodynamic alterations, pulmonary capillary permeability, or the balance of fluids (noncardiogenic pulmonary edema, or acute respiratory distress syndrome ͓ARDS͔). There are also infectious complications like purulent tracheobronchitis and pneumonia, which involve factors such as postoperative pain, poor nutritional state, impaired pulmonary function, or bronchial colonization. Finally, there are cardiovascular complications like arrhythmias and pulmonary thromboembolism and a group of respiratory complications of multifaceted etiology such as atelectasis and acute respiratory failure.
Pneumonia and ARDS are the most serious complications and the cause of 22% to 75% of deaths after lung resection resulting from carcinoma. [3] [4] [5] [6] 8 Pneumonia appears as one of the main causes (if not the primary cause) of death after lung resection in most of the published series. It is estimated that pneumonia has an incidence of 8% in surgical patients, and this represents half of all nosocomial pneumonias. However, the risk in patients subjected to abdominal or thoracic surgery is 38 times greater than in other patients subjected to different types of operations. The incidence of pneumonia after lung resection is 2% to 20% and the associated mortality is 15% to 75%, significantly higher than in operated patients who do not develop this disease. 9 -11 The growing importance of respiratory infections as a cause of death after lung cancer resection, as well as the resulting increase in the hospitalization period and expenses, has spurred new interest in their prevention, diagnosis, and treatment.
Respiratory Infection After Lung Cancer Resection
Nosocomial pneumonia has a prevalence of 0.5% to 1% in patients admitted to the hospital, and it comprises 15% to 18% of all the infections acquired in the hospital (the third in frequency after urinary tract infection, at 42%, and infections of the surgical wound, at 24%). However, it is the infection that gives rise to the greatest morbidity and mortality in hospitals. 14 The clinical and radiologic criteria that the Centers for Disease Control and Prevention proposed to define nosocomial pneumonia 15 are as follows:
Signs and Symptoms
At least one of the following: fever (Ͼ38°C) without any other recognizable cause, leukopenia (Ͻ4000 Lc/mm 3 ), or leukocytosis (Ն12,000 Lc/mm 3 ); alteration in the level of consciousness in adults aged Ն70 without any other recognizable cause; and at least 2 of the following: appearance of purulent sputum or a change in the characteristics of the sputum; increase in respiratory secretions or in the need to aspirate secretions; appearance or worsening of coughing, dyspnea or tachypnea, or bronchial breath sounds; worsening of the gas exchange (eg, desaturation or O 2Ϫ PaO 2 /FiO 2 Յ240) and an increasing need for oxygen; or a demand for ventilation.
Radiology
Two or more x-rays in a series with at least one of the following: new or progressive and persistent infiltrate, consolidation, cavitation, pneumatoceles in children aged 1 year or less; in patients without any underlying lung or heart disease, an x-ray with only one of these criteria is acceptable.
Laboratory Data for Bacterial Pneumonia
At least one of the following: positive blood culture without any other identifiable cause; positive culture of pleural fluid; positive quantitative culture of bronchoalveolar lavage (BAL) or protected bronchial brushing; more than 5% of BAL cells with bacteria in in a direct microscopic examination; or a histopathologic examination with at least one of the following: abscess or positive quantitative cultures of a sample of lung parenchyma.
These clinical, biologic, and radiologic criteria used to define pneumonia can have other noninfectious origins after a lung resection. Fever, leukocytosis, and an increase in secretions are signs that are as frequent as they are nonspecific in the first 24 to 48 hours after a thoracotomy. Infiltrates that have recently appeared in x-rays are not pneumonias in 30% to 40% of patients. Therefore, a high degree of suspicion and strict postoperative observation are required to avoid both overdiagnoses (which is usually the case) and late or erroneous diagnoses of pneumonia, because these can have fatal consequences when the clinical progression is rapid. We define purulent tracheobronchitis by the appearance of the same signs, symptoms, and laboratory data but without radiologic infiltrates.
Patients subjected to lung resection present a series of factors that can predispose them to respiratory infection: 1) the majority experience a chronic obstructive pulmonary (COPD) disease and 85% of patients are smokers whose distal airway has been colonized; 2) the patient is subjected to selective tracheobronchial intubation, mechanical ventilation and, in many cases, several bronchoscopies to check or reposition the tube used for selective intubation, or aspiration of secretions; 3) the decrease in the capacity to take deep breaths and in the effectiveness of coughing can lead to the retention of secretions and the appearance of obstructive phenomena in lung segments, and partial collapse of the lung; 4) neoplasia can give rise to alterations in the nutritional state, structural alterations of the airway (stenosis, obstruction), or tissue necrosis; 5) sometimes patients have received treatments before surgery capable of reducing the body's host defenses such as chemotherapy or of provoking structural changes in the lung parenchyma such as radiotherapy. Anesthesia time 22 Transfusion of red blood cells 11, 53 Postoperative Neutralization of gastric pH 57 Nasogastric tube 56 Prolonged intubation [58] [59] [60] Bronchoscopy 60, 61 Pneumonias after lung resection are mostly bacterial and lobar, with a typical clinical presentation and a particularly rapid onset and evolution. They are usually caused by Haemophilus influenzae, Streptococcus pneumoniae, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus, and other Gram-negative aerobic and anaerobic bacteria. 16 Treatment must be adjusted to the results of the culture and antibiogram, although an empiric antibiotic regimen must be introduced as soon as possible. Relevant data that need to be known are whether the pneumonia is mild, moderate, or severe; whether there are host factors that can predispose to infection by specific pathogens; and whether the pneumonia occurred in the first 4 days of hospitalization (early nosocomial pneumonia) or afterward (late). The criteria that define severe pneumonia are: need for admission to an intensive care unit, respiratory failure, rapid radiographic progression, multilobar pneumonia, cavitation of a lung infiltrate, and evidence of severe sepsis with hypotension and/or malfunction of any organ (shock with systolic blood pressure Ͻ90 mm Hg, diastolic blood pressure Ͻ60 mm Hg, need for vasoactive drugs for more than 4 hours, urine output of Ͻ20 mL/h or Ͻ80 mL/h with no other cause to justify it, and acute renal insufficiency that requires dialysis).
Risk Factors
From the pathogenic viewpoint, pneumonia is the result of an alteration in the balance between the defenses of the host and the presence in the respiratory system of a microorganism in sufficient quantities or of sufficient virulence to give rise to disease. There are numerous descriptions of risk factors for pneumonia that are present in the perioperative period and that act by altering in some way this balance between the host's defense system and the causal microorganism. These risk factors include alterations in the nutritional state, 17 old age, 18, 19 abnormal lung function, 20 the thoracotomy and the lung resection themselves, 4,21 the type and side of the lung resection, 8, 22 alteration of the cleaning mechanisms of the bronchial tree, 23 reintubation, 24 smoking, 13, 25 and a prolonged preoperative hospital stay, which has been linked to an increase in oropharyngeal colonization, particularly by Gram-negative bacilli.
25,26

Preoperative Risk Factors
Preoperative Hospital Stay
An increase in the number of days during a preoperative hospital stay promotes oropharyngeal colonization, especially by Gram-negative bacteria in elderly patients.
25,26
Nutritional State
The nutritional state, which is frequently poor in patients with lung cancer, has been related to an increase in postoperative respiratory infections. 27 Hypoalbuminemia 25 and hypoproteinemia 17 specifically increase the risk of postoperative pneumonia. In studies by Ionanas et al 28 and Pierce et al, 29 body mass index was a risk factor for the development of postoperative complications. Deslauriers et al 5 found that respiratory complications were more frequent in patients who had lost more than 10% of their body weight before the operation.
Tobacco Consumption
Tobacco consumption confers is a 2 to 6 times greater risk of developing postoperative complications. 25, 30 Bluman et al 30 studied the relationship between preoperative smoking habits with postoperative respiratory complications and found that active smokers had respiratory complications in 22% of cases, as opposed to 13% of exsmokers and 5% of nonsmokers. Vaporciyan et al 13 observed that there was a time when, even if tobacco consumption ceased (1 month or less before the operation), there was a statistically significant increase in the risk of pneumonia and ARDS after a pneumonectomy. The recommended time for giving up smoking before surgery generally ranges from 1 to 8 months, although only a few prospective studies have evaluated the relationship between the time of the cessation and the risk of lung complications.
31,32
Patient Age
Old age is a risk factor in most studies, even in patients who have preserved cardiorespiratory function, as a result of the changes in the lung function that come with aging. 18, 33, 34 In a study by Yano et al, 7 an age of over 70 years was an independent risk factor for major complications after lung resection (respiratory failure, pneumonia, and empyema in over 50% of cases). Duque et al, 4 however, did not find any statistically significant differences when they compared patients aged 70 or over with others aged under 70, but age is probably a risk factor as a result of the associated high frequency of comorbidity.
Cardiovascular Diseases
Cardiovascular diseases increase the risk of death after lung resection surgery by up to 5-fold 35 and that of major complications by up to 12-fold. 36 Diabetes increases the risk of lung infections in general and of developing one after lung resection in particular. In the series by Duque et al, 4 diabetic patients presented more postoperative complications than nondiabetic ones, although the differences were not statistically significant.
American Society of Anesthesiology Score
A high score on the American Society of Anesthesiology's (ASA) evaluation scale for the preoperative physical state increases the risk of respiratory complications. 25 
Lung Function Parameters
Numerous studies have related the existence of a lung disease to respiratory complications in general, and infectious ones in particular, after lung cancer resection. 9,22,36 -43 The most noteworthy lung function parameters that have been studied are: 41 Wang et al, 42 and Raychaudhury. 10 The latter author observed that patients with an FEV 1 Ͻ60% and/or FVC Ͻ2 L of the reference value had significantly more respiratory complications (bronchitis, pneumonia, and respiratory failure). 2. Diffusion capacity (DLCO): Wang et al, 42 comparing patients who had complications with those who did not, after lung cancer resection, and demonstrated that the DLCO had a significant predictive value for lung complications, which were associated with an increase in the length of the hospital stay and cost. Bousamra et al 43 compared the early and late mortality and morbidity in patients subjected to lung resection with a low predicted postresection DLCO (Յ60% postpneumonectomy and bilobectomy and Յ50% postlobectomy) and a control group, and they found that hospital mortality was similar but that patients with a low DLCO had more respiratory complications (18% versus 9.5%; P ϭ 0.05). In a study by Markos et al, 44 the DLCO and FEV 1 calculated postresection of Ͻ40% were good predictors of postoperative respiratory complications, but this was not the case with their preoperative values. 3. Studies have been undertaken on the predictive value for postoperative respiratory complications of other parameters such as blood gases-a pCO 2 Ͼ45 to 50 mm Hg and a pO 2 Ͻ50 to 60 mm Hg are risk factors 34, 36, [45] [46] [47] -the product FEV 1 % ϫ DLCO% calculated postresection, 48 and the maximum consumption of oxygen (max VO 2 ) during exercise. Authors such as Eugene et al, 49 Brutsche et al, 50 Bechard et al, 51 and Walsh et al 52 demonstrated that max VO 2 was an independent risk factor for postoperative respiratory complications, with a cutoff point that has been calculated in different ways and with different values: Ͼ1 L, Ͼ15-20 mL/kg Ϫ1 /min
Ϫ1
, or Ͻ60% of the calculated postoperative value, according to the type of resection performed. Rao et al 53 carried out a study that compared oximetry during exercise with spirometry and they observed that, in the absence of other risk factors, oximetry had a greater predictive value for respiratory failure (P Ͻ 0.05) and oxygen requirements (P Ͻ 0.001), as well as the need for admission to an intensive care unit (P Ͻ 0.05) or prolongation of the hospital stay (P Ͻ 0.001).
Bolliger and Perruchoud, 54 in a review of the preoperative functional evaluation in patients with lung cancer, sum up the criteria for low risk in a lung resection: FEV 1 and DLCO predicted postresection to be Ն40% of the predicted normal value and max VO 2 Ն35% of the normal value.
Bronchial Colonization
The role of the bronchial colonization of the distal airway in the development of a postoperative respiratory infection is unclear. Bronchial colonization can be the result of an equilibrium in which the host's (deteriorated) defenses succeed in limiting but not eradicating the microorganisms sticking to the bronchial epithelium. Lung infection can be the result of a lowering of the host's cellular and humoral defenses at a specific time or of the presence of an inoculum in a sufficient quantity or of a sufficient virulence. In our experience, after a prospective study of 78 consecutively operated patients with lung cancer resection, subjected to bilateral protected bronchial brushings immediately before the thoracotomy, the colonization by potentially pathogenic microorganisms in the distal airway was a prognostic parameter, regardless of the risk of postoperative respiratory infection (odds ratio ͓OR͔, 1.5).
Several studies have linked preoperative bronchial colonization with the appearance of postoperative respiratory infections. Wansbrough-Jones et al 55 performed cultures from samples obtained by means of preoperative bronchoalveolar in 75 patients subjected to a pulmonary or pleural resection. They found pathogenic organisms in 12 of 52 samples, with H. influenzae being most frequently found. Eleven percent of the patients developed an infectious respiratory complication postoperatively, 5 of 12 patients who had pathogens in the airway (42%) and only 2 of 42 patients who had no pathogens (4.8%)-a difference that was statistically significant. The authors suggested that treating this colonization before surgery could reduce the number of postoperative lung infections. Sok et al 56 designed a prospective study to verify the origin of the pathogens that cause pleuropulmonary infections after lung cancer resection. They studied samples of sputum 3 days before, during surgery, and 3 days after the operation. The infections appeared at 4.3 Ϯ 2.9 days. The microorganisms that caused the lung infections were Gramnegative bacilli and Candida albicans in 75% of cases. These were isolated in 18%, 13%, and 63% of the sputum, pre-, intra-, and postoperatively, respectively. They also found a strong association between the pathogens found in the sputum obtained 3 days after the operation and those found in the sputum of patients who developed a lung infection. The authors suggested that the colonization of the airway basically occurs during the postoperative period, from the patient's oral cavity, pharynx, and hypopharynx.
Patients affected by lung cancer present a series of factors that predispose them to bronchial colonization, the most important of which is the association with COPD. These patients have the distal airway colonized in up to 85% of cases. Other factors are the immunosuppression caused by the neoplasia itself or by chemotherapy treatments, the structural alterations to the bronchial tree resulting from cancer, the deterioration of the general condition, the performance of one or more bronchoscopies, and the presence of a bronchial obstruction that produces a combination of atelectasis, bronchiectasis, mucus retention, and bronchial inflammation. 
Many authors consider that obstructive pneumonitis is a nonin-
Intraoperative Risk Factors
Thoracotomy is in itself an independent risk factor for the development of postoperative pneumonia. 57 Both thoracotomy and lung resection are risk factors for complications when compared with other types of major surgery. Busch et al 21 observed that major lung complications (pneumonia, respiratory failure, need for mechanical ventilation for more than 4 days, or need for repeated bronchoscopies for bronchial clearance) occurred after thoracotomy and lung resection in 22%, but that percentage increased up to 82% if the resection extended to the chest wall. When the different types of lung resection (pneumonectomy, lobectomy, and segment resection) are compared, authors such as Duque et al, 4 Yano et al, 7 and Deslauriers et al 3 have observed that pneumonectomy, especially on the right-hand side, is an independent risk factor for complications, particularly pneumonia. The anesthesia time has also been related to a greater incidence of postoperative respiratory complications. 25 The amount of transfusion during the operation has also been related to a greater incidence of both pneumonia and postoperative ARDS.
13
Postoperative Risk Factors
After a lung resection through thoracotomy, there is a reduction in the efficacy of coughing and even a voluntary inhibition of coughing out of fear of pain. Moreover, the alteration in the level of consciousness causes an increase of up to 70% in the aspiration of oropharyngeal secretions, 58 especially in patients in whom orotracheal intubation is prolonged. The neutralization of the gastric pH with H-2 blockers or other antiacids causes an increase in gastric colonization and, as a result, an increase in the bacterial burden of microaspiration from this source. All this increases the risk of postoperative pneumonia, especially in patients who have a nasogastric tube and are subjected to mechanical ventilation. 59, 60 Prolonged postoperative intubation increases the risk of pneumonia by 1% to 3% per day. [61] [62] [63] Other postoperative risk factors are a prolonged stay in the intensive care unit, the appearance of atelectasis, and performance of bronchoscopies, 63, 64 although it is difficult to attribute a causal role to this procedure in the postoperative period, because it is normally indicated in patients already suspected of having a lung infection or atelectasis.
The control of pain after a thoracotomy is of the utmost importance because it is one of the usual recommendations for the prevention of postoperative pneumonia. During the first 24 hours after a thoracotomy, the tidal volume decreases by up to 20%, the respiratory frequency increases by up to 26%, and there is a decrease in the vital capacity and residual functional capacity. 65 The degree of pain has an influence on all these changes. Authors such as James et al 66 and Bartlett et al 67 believe that early postthoracotomy pain is the main cause of ineffective ventilation and coughing. Interference with coughing and the capacity to perform deep respiratory movements favors the retention of secretions and the appearance of atelectasis, hypoxemia, and lung infection.
Various authors have studied the role of secretion retention after lung resection. The studies of Bonde et al 68, 69 observed that COPD, preoperative FEV 1 (Ͻ70% for pneumonectomies), and smoking were predictive risk factors for secretion retention in a univariant analysis, whereas pain (OR, 4.2; 95% confidence interval ͓CI͔, 0.33-1.45) and smoking (OR, 2.81; 95% CI, 0.30 -1.03) played this role in a multivariant analysis. These authors observed that secretion retention had a statistically significant association with the development of postoperative lung complications, specifically the development of atelectasis, pneumonia, the presence of positive sputum cultures, the need for antibiotic treatment, and respiratory failure. The cause of postoperative in-hospital death was pneumonia in 75% of cases. All patients with a diagnosis of secretion retention were treated with a minitracheostomy for suction.
There is, therefore, a group of patients with a greater risk of secretion retention and related lung complications. They are smokers with COPD and badly controlled postoperative pain. In a randomized study, Bonde et al 69 demonstrated that the prophylactic use of a minitracheostomy significantly reduced both secretion retention and also the related respiratory complications (serious atelectasias and the number of visits by a physiotherapist, but not the infectious respiratory complication).
In our experience in a prospective study of 104 patients operated in 1 year by means of posterolateral thoracotomy, the score given by the patient on the analogic-visual scale of pain, on the first and second day, was an independent risk factor for postoperative respiratory infections (OR, 1.3; 95% CI, 1.08 -1.56).
The benefit provided by adequate control of pain, for preventing respiratory complications and recovery of pulmonary function, has also been demonstrated by numerous authors. 70 -72 Sabanathan et al 72 compared the pulmonary function on the first and fifth days postthoracotomy in 2 groups of patients, one subjected to a conventional analgesia protocol and the other to the same protocol plus a continuous intercostal blockage with bupivacaine. The patients in the first group reported a significantly higher level of pain than those in the second group. They observed that the FEV 1 , the vital capacity, and the peak expiratory flow were reduced by 56%, 60%, and 57% in the first group versus 25%, 30%, and 32% in the second, respectively (P Ͻ 0.01).
Ballantyne et al, 73 in a meta-analysis of randomized, controlled studies that compared different protocols of postoperative analgesia, observed that patients with epidural analgesia, with or without opioids, had less pulmonary complications than patients treated with systemic opiates. The control of acute postthoracotomy pain does not depend exclusively on the administration method or the type of analgesic. Preoperative or intraoperative aspects also exert an influence. Eghert and Battit 74 observed that patients who had been correctly informed about what was going to occur in the postoperative period required less analgesics and had a more favorable course than those who had not been informed. The surgical technique also influences the pain, pulmonary function, and markers of acute inflammatory reaction after sur-gery. Nagahiro et al, 75 in a nonrandomized study, compared these parameters in 2 similar groups of patients with the same analgesia protocol (epidural), who underwent a lobectomy by video-assisted surgery (VATS) versus open surgery, and they found that the pain and cytokine production were significantly less in the VATS group, and that this effect was maintained for at least 2 weeks. The recovery of pulmonary function was significantly better in the VATS group. Others authors have obtained similar results by comparing videoassisted lobectomy versus lobectomy by thoracotomy. [75] [76] [77] [78] 
Prophylaxis in Lung Resection Surgery
The early 1960s was a time of widespread opposition to the prophylactic use of antibiotics in surgery. It was argued that there was a lack of controlled studies that demonstrated its efficacy and that it could generate or select resistant organisms. Since then, numerous studies have demonstrated the efficacy of antibiotic prophylaxis in preventing postoperative infections, particularly infections of the surgical site. There are a great number of clinical guides to this subject. 79 -81 The clinical guide of the Froedtert Hospital in the Medical College of Wisconsin, for example, recommends: 1) evaluation of the risk of infection in the absence of antibiotic prophylaxis; 2) evaluation of the probability of contamination of the operating area by microorganisms; 3) the activity of the antibiotic chosen must cover the majority of pathogens that are likely to contaminate the operating area; 4) if there is a possibility of choosing more than one antibiotic, the choice should be the one that is most active against the likely pathogens; 5) the antibiotic must be administered 30 to 45 minutes before the incision, generally during anesthetic induction, at doses that provide suitable tissue concentrations; 6) the dose must be adjusted to the weight of the patient; 7) operations lasting more than 3 hours require a second dose of antibiotic; 8) vancomycin is the antibiotic of choice in patients allergic to cephalosporins or penicillins; and 9) the administration of prophylactic antibiotics is not a substitute for exquisite surgical technique and appropriate postoperative management. The type and form of administration of antibiotics, however, is still a subject of debate.
For prophylaxis of the infection at the surgical site, in 1991, the Nosocomial Infection Surveillance Study 82 summarized the risk factors as: an American Society of Anesthesiology score Ͼ3, a dirty or contaminated surgical area, and a duration of the operation greater than T, in which T is the 75th percentile of the duration of all the operations of this type. The majority of authors recommend the use of cephalosporins like cefazolin, cefuroxime, or cefamandole, or vancomycin if there is any evidence of a type I hypersensitivity reaction to penicillin or a great incidence of infections of the surgical wound by methicillin-resistant S. aureus. The first dose must be administered 30 to 60 minutes before the start of surgery, and in most cases, this provides optimum levels in the perioperative period. If the surgical procedure is prolonged or the half-life of the antibiotic used is very short, it is advisable to administer an additional dose. The duration of the prophylaxis is still a matter of controversy. The administration of one or 2 postoperative doses is recommended, 79, 83, 84 and in exceptional cases, the prophylaxis can be prolonged for up to 48 hours, according to the procedure. There appears to be no advantage in prolonging the administration of an antibiotic after the immediate perioperative period. All these studies lead to 4 basic principles, which were outlined by Burke in 1961 in the work he carried out after inducing infections in experimental animals: 1) the antibiotic used must be useful against the microorganism that will probably be the cause of the infection; 2) the inhibitory levels of antibiotics in the tissue must be reached at the moment when the microorganism has access to the tissue that may be infected; 3) there is no advantage in starting antibiotic treatment a long time before the start of the operation; and 4) there is no advantage in prolonging the antibiotic treatment very long after the end of the risk of tissue contamination.
Lung resection surgery is considered to be a potentially contaminated type of clean surgery. However, this way of classifying the surgery is based on the risk of an infection of the surgical wound, [85] [86] [87] which is now low, at 2% to 4%. The most relevant infection after a lung resection is, however, a respiratory one, with an incidence of 2% to 22%; it is also the postoperative infection with the greatest associated mortality.
Numerous studies of lung surgery refer to a significant reduction in the number of infections of the surgical wound by prophylaxis with cefazolin, 88, 89 penicillin G sodium, 90 cephalothin, 91 or ampicillin-sulbactam. 92 Tarkka et al 93 found similar results when they compared doxycycline and cefuroxime in a randomized, prospective study. Despite the fact that some of these studies detected a reduction in the number of postoperative pleuropulmonary infections such as pneumonia or empyema, there was no statistically significant difference in any of them. This suggests that an antibiotic schedule that is basically intended to prevent infection of the surgical wound is not efficacious in preventing lung infections. There is, therefore, a need for prospective studies and clinical guidelines that specifically tackle prophylaxis for this type of infection.
Bernard et al, 94 in a randomized, prospective study on patients subjected to lung surgery, compared 2 prophylaxis regimes with cefuroxime. They observed that administration every 6 hours for 48 hours, versus against administration in a single dose, significantly reduced the number of respiratory infections and empyemas. In 1994, Train et al 94 compared the efficacy of amoxicillin versus cefamandole for preventing pulmonary infections in lung resection surgery, and they did not find any significant differences between the 2 antibiotics.
In 1999, Boldt et al 97 suggested that the best schedule for antibiotic prophylaxis will depend, among other factors, on the bacteria that are present at the time when these patients undergo surgery. They carried out a randomized, prospective study in which they compared ampicillin-sulbactam (group 1) and cefazolin (group 2). Furthermore, every patient was subjected to a preoperative bronchial aspirate to study the microbiology and to determine whether isolated organisms were sensitive to the antibiotics used. The isolated microorganisms were mainly H. influenzae, S. pneumoniae, S. viridans, S. aureus, and K. pneumoniae. The authors showed that: 1) group 1 had significantly less pulmonary infections than group 2, and 2) in group 1, all the isolated bacteria were sensitive to the antibiotic used, whereas in group 2, 8 of the 25 isolated bacteria were not sensitive. When these findings were analyzed, they suggested that a microbiologic examination can be useful for evaluating the efficacy of a prophylaxis regimen for lung infection.
The studies by Sok et al 56 suggest that colonization of the airway in patients operated on for lung cancer resection is significantly associated with an increase in postoperative respiratory infections. Prevention of this colonization in this period could help prevent these infections. The authors suggest that the prophylaxis schedule administered in the perioperative period is not strictly applicable to respiratory infections. In our experience, 40% of patients with a bronchogenic carcinoma already have their distal airway colonized by pathogenic microorganisms at the time of the operation; postoperative lung infections are significantly more frequent in those patients who have their airway colonized in this way, and concordance between the pathogens that colonized the airway and the causes of the postoperative respiratory infections is 51%. 28 Similar results have been obtained in coronary revascularization surgery. Carrel et al 97 performed a tracheal aspirate on a group of patients immediately before their operation. All the patients then received 2 g ceftriaxone before being divided into conventional prophylaxis with ceftriaxone for 24 hours or a schedule of ticarcillin plus clavulanic acid for 72 hours. The authors found that the incidence of pneumonia was greater in the group with positive cultures of the tracheal aspirate than in the group with negative cultures (15.3% versus 3.6%; P Ͻ 0.01); that prolonged prophylaxis did not reduce the incidence of pneumonia in either group, and that there was a great correlation in the patients who developed pneumonia between the microorganisms found in the tracheal aspirate and those that were identified when the aspirate was repeated after the infection. They concluded that postoperative pneumonia in patients undergoing heart surgery is frequently caused by microorganisms that colonize the airway before the operation, and that the risk of pneumonia in these patients can be predicted by preoperative tracheal aspirates.
In the study they carried out in 1982, Frimodt-Moller et al 90 stated that the ideal regimen for antibiotic prophylaxis for the prevention of respiratory infections has not been found. This is still the case 20 years later.
